We used 69 steers of varying percentage Brahman ( B ) breeding (0% B, n = 11; 25% B, n = 13; 37% B, n = 10; 50% B, n = 12; 75% B, n = 12; 100% B, n = 11) to study the relationship between carcass traits, the calpain proteinase system, and aged meat tenderness in intermediate B crosses. Calpains and calpastatin activities were determined on fresh longissimus muscle samples using anion-exchange chromatography. The USDA yield and quality grade data (24 h ) were collected for each carcass. Longissimus steaks were removed and aged for 5 or 14 d for determination of shear force and 5 d for sensory panel evaluation. Even though some yield grade factors were affected by the percentage of B breeding, USDA yield grades did not differ ( P > .15) between breed types. Marbling score and USDA quality grade decreased linearly ( P < .01) with increasing percentage of B breeding. Shear force after 5 and 14 d of aging was higher ( P < .05) in the 100% B steers than in all other breed types, which were not significantly different. Sensory panel tenderness and connective tissue scores decreased linearly ( P < .05) with increasing B breeding. A quadratic effect was also noted for tenderness and connective tissue scores; 37% B steers received the highest scores. A similar response was found in m-calpain activities; the 37% B steers had the highest activities. Conversely, calpastatin activity increased linearly ( P < .01) with increasing percentage B breeding. These data show strong linear relationships between calpastatin activity (positive), marbling score (negative), and percentage B breeding, suggesting a possible combined effect of these traits on aged tenderness of intermediate Brahman crosses.
Introduction
Beef cattle crossbreeding systems in the Gulf Coast region of the United States usually include cattle with varying degrees of Bos indicus inheritance. These cattle are generally more productive in this subtropical environment because of their heat and insect tolerance, as well as the maximized heterosis produced when crossing Bos indicus and Bos taurus breed types (Koger, 1980) . Although there are advantages of Bos indicus crossbred cattle for maternal and growth traits (Franke, 1980; Koger, 1980) , slaughter cattle with visible Bos indicus breeding are discriminated against because of perceived problems with carcass quality and meat tenderness.
Carcasses produced from cattle with 50% or greater Bos indicus breeding have lower marbling scores than their Bos taurus counterparts (Carpenter et al., 1961; Peacock et al., 1979; Huffman et al., 1990) . This reduction in intramuscular fat was thought to be partially responsible for the tenderness problems reported in Bos indicus-influenced cattle (Carpenter et al., 1961; Johnson et al., 1990) . More recently, it has been proposed that elevated calpastatin activity is a major cause of tenderness problems in these breed types (Wheeler et al., 1990; Whipple et al., 1990b; Shackelford et al., 1991a) . Those researchers reported that elevated calpastatin activity in Bos indicus cattle inhibited the action of calpain proteinases, thus blocking the natural postmortem tenderization process (Koohmaraie, 1992) . However, much of the research focusing on the role of calpastatin in tenderness used cattle with high percentages of Bos indicus breeding, in excess of what might be commonly found in the current beef industry. Therefore, this study was designed to investigate factors influencing meat tenderness in cattle with varying degrees of Brahman inheritance.
Materials and Methods
Experimental Design. Sixty-nine steers of varying percentage Brahman ( B) and Angus ( A) breeding (0% B, n = 11; 25% B, n = 13; 37% B, n = 10; 50% B, n = 12; 75% B, n = 12; 100% B, n = 11) were produced over a 2-yr period (Year 1, n = 34; Year 2, n = 35) at the University of Florida, Pine Acres Research Farm. The steers were produced as part of a breeding project that involved six dam mating groups and six sire mating groups representing varying percentages of A and B breeding. Nineteen sires were represented in Year 1 and 18 sires were represented in Year 2, and 4 of the sires were represented in both years. Following weaning in September, steers were allocated to a winter nutrition study involving frosted pasture, energy supplements, and hay. At the end of March, steers (approximately 13 mo of age) were transported to a contract feeder, where they were fed a cornprotein supplement diet until they reached a specified subcutaneous fat thickness. Steers were slaughtered at an approximate backfat constant end point of either .9 or 1.4 cm (equally distributed within a breed group), estimated using real-time ultrasound (Aloka 500-V, Corometrics Medical Systems, Wallingford, CT), operated by a certified ultrasound technician (BIF, 1989) . As individual steers reached their assigned backfat end point, they were transported to the University of Florida abattoir and humanely slaughtered. Within 45 min after exsanguination, a 2.54-cm steak was removed from the 6th lumbar vertebrae region of the longissimus lumborum for determination of calpains ( m-and m-) and calpastatin activities. The carcasses were chilled for 24 h, and USDA yield and quality grade factors were measured by trained personnel at the University of Florida (USDA, 1989) . Following carcass data collection, four longissimus thoracic steaks (2.54 cm) were removed from the same side (between the 8th and 12th thoracic vertebrae region) for tenderness measurements, vacuum-packaged, and aged for either 5 ( n = 3 ) or 14 d ( n = 1). After completion of the appropriate aging period, the steaks were frozen at −20°C and stored for subsequent analysis.
Calpains and Calpastatin Activities. Activity of mcalpain, m-calpain, and calpastatin were determined on unfrozen, pre-rigor muscle according to the procedures of Koohmaraie (1990) with slight modifications. Longissimus samples (50 g ) were homogenized in 2.5 vol of extraction buffer (50 mM Tris, 10 mM EDTA, and 10 mM b-mercaptoethanol [MCE], pH 8.3) and shipped on ice to the University of Georgia for measurement of calpains and calpastatin activities. Two proteinase inhibitors ( 2 mM, phenylmethylsulfonyl fluoride; 5 mM, trans-epoxysuccinyl-L-leucylamide-(4-guanidino)-butane) were added to the extraction buffer, immediately prior to homogenization, to ensure that no proteolysis occurred during shipping.
The samples were then centrifuged, filtered, and dialyzed overnight (40 mM Tris, 5 mM EDTA, and 10 mM MCE, pH 7.5). After dialysis the samples were centrifuged, filtered, and loaded gravimetrically onto anion-exchange columns (DEAE-Sephacel; Sigma Chemical, St. Louis, MO). The columns were washed with elution buffer (50 mM Tris, 1 mM EDTA, and 10 mM MCE, pH 7.5) and eluted using a linear NaCl gradient (25 to 350 mM) in elution buffer. Activities of the calpains and calpastatin were determined using a casein solution (100 mM Tris, 1 mM NaN 3 , 5 mM CaCl 2 , 5 mg/mL casein, and 1 mL/mL MCE, pH 7.5). One unit of calpain activity was defined as the amount of enzyme necessary to cause an increase of 1.0 optical density unit at 278 nm in 1 h at 25°C. One unit of calpastatin activity was defined as the amount of inhibitor necessary to inhibit one unit of DEAEpurified m-calpain activity.
Tenderness and Palatability Measurements. WarnerBratzler shear force ( WBS) was determined on longissimus steaks aged 5 and 14 d, and trained sensory evaluation was conducted on longissimus steaks aged 5 d. Steaks for WBS were thawed overnight at 4°C and broiled ("Open-Hearth" broiler, model 450N, Farberware, Bronx, NY) to an internal end point of 70°C (AMSA, 1995) . Internal temperature was monitored by copper-constantan thermocouples (Omega Engineering, Stamford, CT) placed in the approximate geometric center of each steak. The steaks were cooled to room temperature, six to eight cores (1.27 cm) were removed parallel to the longitudinal orientation of the fiber and sheared on a Warner-Bratzler shear device. For trained sensory analysis, the steaks were thawed and cooked in the same manner as WBS steaks and served warm to an eight-member trained panel. The panel evaluated juiciness ( 1 = extremely dry to 8 = extremely juicy), flavor intensity ( 1 = extremely bland to 8 = extremely intense), overall tenderness ( 1 = extremely tough to 8 = extremely tender), amount of detectable connective tissue amount ( 1 = extremely abundant amount to 8 = none detected), and off-flavor ( 1 = extreme off-flavor to 6 = none detected).
Statistical Analyses. The data, averaged over subcutaneous fat end point, were analyzed using ANOVA procedures (Steel and Torrie, 1980) with the main effect of percentage Brahman (regardless of whether the B inheritance originated from the dam or sire) and the block effect of year. Treatment means were generated using the LSMEANS procedure and separated using the PDIFF procedure of SAS (1982) . The linear and quadratic response of variables across percentage Brahman breeding was analyzed using single df contrasts. Simple correlations were calculated between the tenderness measures (sensory tenderness-5 d, WBS-5 d, and WBS-14 d ) and factors that potentially affect tenderness. 
Results and Discussion
Carcass Yield and Quality Traits. Dressing percentage increased linearly ( P < .01) with increasing percentage B breeding, and the 50 and 100% B steers yielded more of their slaughter weight as carcass than the 0 and 37% B steers (Table 1) . Brahmaninfluenced steers have generally been shown to have higher dressing percentages than British breed types (Koch et al., 1982; Huffman et al., 1990) . Butler et al. (1956) and Carpenter et al. (1961) attributed this to the smaller gastrointestinal tracts found in Brahmaninfluenced steers. Although the steers were fed to an approximate fat constant end point, adjusted fat thickness over the ribeye decreased ( P < .05) with increasing percentage B breeding, possibly due to differences in the fattening patterns of Bos indicus and Bos taurus cattle or imprecisions in estimating fat thickness by ultrasonography. Ribeye area per 100 kg of carcass also decreased ( P < .05) as the percentage of B breeding increased in the steers. Huffman et al. (1990) reported similar findings for ribeye area per 100 kg of carcass in Brahman-Angus crossbred steers, and Peacock et al. (1979) reported negative heterotic effects for this trait in Brahman-Angus crossbreds.
Other yield grade factors such as hot carcass weight, ribeye area, and the percentage of kidney, pelvic, and heart fat did not differ ( P > .10) across breed type. There were also no significant differences in USDA yield grades across breed type (Table 1) . This is not unexpected because these cattle were managed to be slaughtered at similar compositional end points, with each backfat end point equally represented within a breed type. Koch et al. (1982) reported similar results for Brahman crossbred steers and Angus-Hereford steers at a similar fat thickness; however, other work has shown that yield grades were higher in Brahman crossbred steers than in Angus steers slaughtered at a similar fat end point . Marbling scores decreased linearly ( P < .01) with increasing percentage of B breeding, with only the 0% B steers averaging enough intramuscular fat to produce USDA Choice carcasses (Table 1) . Numerous other researchers have shown that British breed types have more intramuscular fat in the longissimus muscle than Brahman and Brahman crossbred steers (Carpenter et al., 1961; Koch et al., 1982; Crouse et al., 1989; Huffman et al., 1990) . Because there were no breed type differences in carcass maturity, USDA quality grade showed a response similar to that noted for marbling score (Table 1) . These findings agree with Peacock et al. (1979) , who reported positive direct breed effects for quality grade in Angus cattle and negative direct breed effects for Brahman cattle. In fact, the decrease in marbling scores has been suggested to be at least partially responsible for tenderness problems in Brahman-influenced cattle . Quality grade distribution by breed type is shown in Figure 1 . In agreement with the findings of Huffman et al. (1990) , the percentage of USDA Choice carcasses decreased and the percentage of USDA Select and Standard carcasses increased as the percentage of B breeding increased. No USDA Standard carcasses were found in the steers containing 37% or less B breeding; however, there were 17, 25, and 27% USDA Standard carcasses produced from the steers containing 50, 75, and 100% B inheritance, respectively.
The Calpain Proteinase System. In the calpain proteinase system, m-calpain and calpastatin activities were influenced by breed type ( Table 2 ). The response in m-calpain activity across breed type showed a decrease in activity with increasing percentage of B breeding and was accompanied by a significant quadratic response showing that the 37% B steers had higher ( P < .05) m-calpain activities than any other breed type. Additionally, the 0% B steers had higher m-calpain activities than the 100% B steers. Conversely, m-calpain activity was not affected by the percentage of B breeding. These findings are consistent with those of Wheeler et al. (1990) comparing purebred Hereford to purebred Brahman steers; however, neither Whipple et al. (1990b) nor Shackelford et al. (1991a) reported differences in m-calpain activity in crossbred Bos indicus cattle containing between 37 and 67% Bos indicus breeding.
In the current study, calpastatin activity increased linearly ( P < .01) with increasing percentage of B breeding, showing a 31% increase in activity as the percentage B increased from 0 to 100 (Table 2 ). The 100% B steers had higher calpastatin activities ( P < .05) than either the 0, 25, 37, or 50% B steers, and the 75% B steers had higher calpastatin activities ( P < .05) than the 0% B steers. Other researchers have shown similar effects of Bos indicus breeding on calpastatin activity (Wheeler et al., 1990; Whipple et al., 1990b; Shackelford et al., 1991a) ; however, this is the first report showing that calpastatin activity increases incrementally as the amount of B inheritance increases, particularly in the intermediate B crossbred steers. Wheeler et al. (1990) reported significant differences in the amount of calpastatin activity in 100% Hereford vs 100% B steers, when activity was measured on pre-rigor muscle (within 1 h postmortem), but no difference in calpastatin activity when measured in post-rigor muscle (24 h postmortem). Conversely, Whipple et al. (1990b) reported that British × British crossbred cattle had lower postrigor calpastatin activities than either 3/8 Sahiwal or 5/8 Sahiwal cattle. They also reported no difference in pre-rigor calpastatin activity across the three breed types. More recently, Shackelford et al. (1991a) reported that calpastatin activity was higher in 5/8 Brahman cattle than in British × British crosses. Calpastatin activity was measured at 1 and 24 h postmortem and there was no interaction between breed type and sampling time, indicating that breed type differences were present in pre-rigor and postrigor muscle. Our data concur with the studies showing pre-rigor differences in calpastatin activity from Bos taurus vs Bos indicus and Bos indicus crossbred cattle (Wheeler et al., 1990; Shackelford et al., 1991a) . The calpastatin:m-calpain ratio increased linearly ( P < .01) with increasing percentage of B breeding, again emphasizing a potential role of the calpain proteinase system in the regulation of meat tenderness in B crossbred cattle. The calpastatin:mcalpain activity has been suggested to be a good measure of the proteolytic potential of muscle (Ouali and Talmant, 1990 ). Because calpastatin is the endogenous inhibitor of m-calpain, reduced ratios should indicate a greater potential for proteolytic activity in the muscle, which could result in more postmortem tenderization. significantly greater in loin steaks from 100% B steers than in those from all other breed types (Table 3) . Shear force increased linearly ( P < .01) with increasing percentage of B breeding for WBS-5 and WBS-14. This was accompanied by a quadratic response ( P < .05) in both tenderness measures, primarily because of the numerically lower shear force values in steaks from the 37% B steers. The fact that loin steaks from the 100% B steers were less tender than those from all other breed types is consistent with the data for calpastatin activities (Table 2) , which were higher in muscle from the 100% B than in muscle from any other breed type. The quadratic response of the shear force measurements is also consistent with the data for m-calpain, which showed the highest activity in muscle from the 37% B steers. Numerous other researchers have reported that loin steaks from cattle containing Bos indicus breeding were less tender than steaks from Bos taurus cattle (Koch et al., 1982; Crouse et al., 1989; Johnson et al., 1990; Shackelford et al., 1991a) . Unlike the data in the current study, these reports indicated that loin steaks from Bos taurus × Bos indicus crossbred cattle were less tender than straightbred Bos taurus cattle. Crouse et al. (1989) and Whipple et al. (1990b) reported that shear force and sensory tenderness differed in cattle with 1/4 or 3/8 Bos indicus breeding compared to Bos taurus cattle; however, other researchers have reported differences in palatability only when the percentage of Bos indicus breeding is 50% or greater (Koch et al., 1982; Pringle, 1989; Johnson et al., 1990) . It is not clear why the shear force data comparing loin steaks from Bos indicus crossbred cattle do not agree with earlier reports, except that the breeding program used in this study was designed to maximize the amount of genetic variation in this population of cattle.
Tenderness and Palatability Measures. Shear force, after 5 (WBS-5) and 14 (WBS-14) d of aging, was
Sensory panel evaluation of loin steaks showed that juiciness and beef flavor intensity scores decreased linearly with increasing percentage of B breeding (Table 3) . This is somewhat expected because marbling scores showed a similar response (Table 1 ) and intramuscular fat is known to affect the perception of juiciness and flavor in meat. Crouse et al. (1989) reported that juiciness scores decreased as the percentage of Bos indicus inheritance increased, and Johnson et al. (1990) reported that steaks from steers with 50% or greater B breeding were less juicy than those from steers containing 0 and 25% B inheritance. However, other research has reported a lack of breed effects on sensory juiciness and flavor scores in cattle containing varying levels of Bos indicus inheritance (Koch et al., 1982; Whipple et al., 1990b) .
Sensory panel tenderness of loin steaks decreased linearly ( P < .01) with increasing percentage B breeding (Table 3) . However, this decrease was not incremental with changes in the percentage B breeding and was accompanied by a significant quadratic response ( P < .01); loin steaks from the 37% B steers had the highest tenderness rating and loin steaks from the 100% B steers had the lowest tenderness rating. This response is similar to that found for mcalpain activity and shear force measures. Reasons for the nonlinear response in tenderness and m-calpain activity of the 37% B steers are not apparent. This may be an artifact of the data or it may be due to the fact that a portion of the steers in this breed type were produced from the mating of Brangus sires and dams. Past selection pressure within these Brangus cattle may have caused their progeny to perform uncharacteristically in comparison to the other breed types that originated from straightbred Angus and Brahman lineage.
Sensory scores indicating the amount of organoleptically detectable connective tissue present also decreased ( P < .01) as the percentage B breeding increased (Table 3 ) and were significantly lower in Crouse et al. (1989) and Whipple et al. (1990b) reported that tenderness scores and connective tissue scores decreased as the percentage of Bos indicus inheritance increased. Johnson et al. (1990) also reported that tenderness scores decreased as the percentage of B breeding increased; however, no breed group differences were reported for the amount of detectable connective tissue. Based on the responses found in potential factors that affect tenderness, simple correlations were calculated to better define the relationship between these factors and loin steak tenderness (Table 4 ). There was a strong correlation ( P < .01) between the percentage of B breeding and meat tenderness measures, either by sensory evaluation or shear force. Neither USDA yield grade nor any of the carcass traits used to determine yield grades (data not shown) were significantly correlated ( P > .10) to tenderness measures. Significant correlations did exist between marbling score, USDA quality grade, and measures of loin steak tenderness (Table 4) . Within the calpain proteinase system, m-calpain activity was correlated to tenderness measures; however, calpastatin activity was not correlated to any measure of tenderness in this population. It is not apparent why calpastatin was lowly correlated with tenderness, except that even though calpastatin activity increased incrementally with increasing percentage of B breeding, shear force did not. Whipple et al. (1990a) reported highly significant correlations between calpastatin activity and shear force (after 14 d of aging) and calpastatin activity and sensory tenderness scores (after 14 d of aging). However, calpastatin activity in that study was measured in post-rigor muscle (24 h postmortem). Shackelford et al. (1991b) reported a significant correlation between post-rigor calpastatin activity and shear force after 3 d of aging; however, the correlations between post-rigor calpastatin activity and shear force after 1, 7, and 14 d were not significant. These researchers also reported no significant correlations between pre-rigor calpastatin activity and tenderness measures. This may partially explain the lack of correlation between the pre-rigor calpastatin activity and tenderness measurements in the present study. The most highly correlated response in the calpain proteinase system to tenderness measures was the ratio of calpastatin:m-calpain (Table 4) . Again this has been suggested as a good indicator of the proteolytic capacity of the muscle (Ouali and Talmant, 1990) and should relate to the amount of postmortem tenderization that occurs in muscle.
Implications
These data emphasize the differences in carcass quality and meat tenderness between Bos taurus and Bos indicus cattle. It has been suggested that decreases in marbling may partially explain the tenderness differences in these cattle species. It has also been proposed that limited postmortem tenderization occurs in Bos indicus cattle because of increased calpastatin activities, which block the natural tenderization process of m-calpain. Overall, our data show strong relationships between calpastatin activity, mcalpain activity, marbling score, and percentage B breeding, suggesting a possible combined effect of these traits on aged tenderness of intermediate B crosses.
